Introduction
Explaining the educational outcomes of children is one of the most challenging questions faced by economists. Most studies have found that school quality (e.g., Card and Krueger, 1992 , and Hanushek, 2002 ) and family background (e.g., Ermisch and, in particular, parental education, do proxy for more subtle mechanisms responsible for intergenerational persistence. When the data provide information on the differences in attitudes towards children's education between high and low-skilled parents, these attitudes show a significant impact on children's educational attainment (Patacchini and Zenou, 2009 ).
The aim of the present paper is to go further by looking at the interplay between family and neighborhood effects.
To be more precise, we develop a theoretical framework in which parents' involvement in education as well as the neighborhood where children live are the key ingredients in explaining educational outcomes. 2 Indeed, based on some works on anthropology and sociology (see, in particular, Boyd and Richerson, 1985 and Cavalli-Sforza and Feldman, 1981) , there is a recent literature initiated by Verdier (2000, 2001) arguing that the transmission of a particular trait (religion, ethnicity, social status, etc.) is the outcome of a socialization inside and outside the family (like e.g. peers and role models).
These two types of socialization are cultural substitutes (complements) if parents have less 1 See also the literature survey by Haveman and Wolfe (1995) who compare the sociological and economic approaches. 2 There are, in fact, theoretical papers that analyze either the effects of parents' input (see e.g. Becker and Tomes, 1979, Leibowitz, 1974) or neighborhood quality (see e.g. De Bartolome, 1990 , Benabou, 1993 ) on children's educational attainment. Our model links these two approaches and, as a result, gives a mechanism through which both effects affect children's outcomes.
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(more) incentive to socialize their children, the more widely dominant are their values in the population. We use this idea to explain children's educational attainment. Altruistic parents, who can either be educated or not, have to decide how much time they spend in educating their children. This is costly since parents have to give up leisure, but also rewarding since it positively influences the chances for their children of being educated. Contrary to the cultural transmission literature cited above, where each parent wants his/her children to be like him/her, here only educated parents conform to this behavior since uneducated parents spend time with their children trying to help them become different, i.e. educated.
Indeed, education is not, like for example religion or ethnicity, a trait that is horizontally differentiated (so that it is a matter of taste which trait is considered better) but a trait, or more exactly a characteristic, that it is vertically differentiated (so that everybody agrees that more education is better than less). As in the cultural transmission model, children can become educated either because parents have been successful in educating them (socialization inside the family) or, if this is not the case, because the neighborhood where they live is of sufficiently high-quality in terms of human capital (socialization outside the family). We then model a possible interplay between these different influences by assuming that the cost of parental effort in the children's education depends on neighborhood quality. We give the conditions on the cost function that yield cultural complementarity (higher neighborhood quality leads to higher effort) and substitutability (higher neighborhood quality leads to lower effort). Then, we show how these conditions affect the probability of the child being educated. We also distinguish between high-and low-educated parents by assuming that the cost of effort for their children's education (e.g. doing homework with their children) is lower for the former than for the latter.
We test our theoretical predictions by merging data on parents and children from the UK National Child Development Study (NCDS) with data on neighborhood characteristics from the 1971 UK Census (when children were 13 years old). Because of their longitudinal aspect (members of the cohort are followed from age 7 to 33), the NCDS data are ideal for our purpose. Our empirical strategy consists of providing an evaluation of the reduced-form effects of parental involvement and neighborhood quality on children's educational qualification. This approach relies on the available information on families living in council houses 3 in big cities in the United Kingdom in the 1970s. We provide qualitative and quantitative evidence revealing that the assignment of eligible families to council flats was indeed random with respect to parental education. As a result, the location of families who live in council houses in big cities in Britain can be considered as exogenous and the impact of neighborhood effects on educational outcomes can be identified. 3 We find a significant and positive effect of neighborhood quality on the parents' effort in their children's education, suggesting cultural complementarity. 4 Both parental investment and neighborhood quality contribute positively to children's education attainment. However, the effect of parental investment seems to be more potent for children of high-educated parents while neighborhood quality shows a more important role for children of low-educated parents.
Our empirical evidence for the UK complements the results obtained for the US. As stated above, the latter indicate a limited role for neighborhood factors in accounting for inequality in educational attainment (Solon et al., 2000 , Durlauf, 2004 , which may be interpreted as the fact that family is of greater importance than neighborhood. In the present paper, we go further by differentiating between high-and low-educated families. Family seems to play the most important role for children of high-educated parents while neighborhood displays the most (direct) influential effect on children's educational attainment for low-skilled parents.
The interrelations between parental education and neighborhood effects are, however, complex and our analysis only provides one possible approach suggesting that both parental effort and neighborhood quality might play a role, which is different depending on the educational level of parents. Since peers usually live in the same neighborhood, our paper also contributes to the literature on the influence of peers on own educational achievement. 3 The use of information on families living in public houses was also adopted by Goux and Maurin (2007) to identify neighborhood effects on early performance at school in France and by Di Addario and Patacchini (2008) to identify wage differentials between urban and non-urban areas in Italy. A similar institutional argument has also been used by Oreopoulos (2003) and Jacob (2004) . 4 To the best of our knowledge, few papers have tested whether cultural substitution or cultural complementarity prevails. A rare exception is Bisin et al. (2004) for the transmission of religion who, in contrast to this paper, find cultural substitution. This is quite intuitive since they are dealing with religion and thus, the more isolated is a religion in an area, the higher is parents' effort in transmitting it. For education, we find the contrary because education and the quality of the neighborhood are more complementary in nature.
However, it is extremely difficult to disentangle neighborhood effects from peer effects and, as noted by Goux and Maurin (2007) , there is no consensus on the importance of peer effects on own achievement in this literature. 5 Our model has highlighted one possible channel of interaction between family and neighborhood inputs through the effect of neighborhood quality on parental involvement in their children's education. Our empirical analysis reveals that this is an important channel and
shows that neighborhood quality also has a direct effect (which may, for example, also act through endogenous effects, i.e. the educational attainment of peers), which is particularly relevant for children from low-educated families. However, our reduced-form analysis does not allow us to separate endogenous from exogenous (contextual) effects. Nevertheless, it provides evidence of a relevant effect of the social context over and above the influence of family background and school quality effects. Socialization both inside and outside the family is found to be important in the intergenerational transmission of education, with a magnitude of the effects that differs between high-and low-educated families.
The remainder of the paper is organized as follows. In the next section, we survey the literature on the impact of neighborhood effects on the intergenerational transmission of human capital. The basic theoretical model and its main predictions are exposed in section 3. Section 4 is devoted to the description of the data and the definition of the variables.
Section 5 deals with the empirical model and presents the estimation results. Finally, section 6 concludes the paper.
Neighborhood effects and the intergenerational transmission of human capital
There are different papers that have studied the relationship between neighborhood and the intergenerational transmission of human capital. Here, we review three important contribu- 5 There is an extensive literature on peer effects in educational performance. See the references in Goux and Maurin (2007, p. 1195) and the two recent literature surveys by Ioannides (2010) and Ioannides and Topa (2010) .
tions to this literature. First, Kremer (1997) proposes the following equation:
where h i,t+1 denotes the human capital of a member of the ith dynasty in generation t + 1 (i.e. the child), h f i ,t and h m i ,t are the human capital levels of members of the same dynasty in generation t (i.e. the parents) with f i designing the father and m i the mother, and h ν(i)t is the human capital level of the neighborhood ν(i) where the individual lives at time t. If n i denotes the size of this neighborhood, then h ν(i)t = 1 n i P j∈ν(i) h jt . As usual, ε i is a stochastic shock. Estimating equation (1) using the Panel Study of Income Dynamics (PSID), Kremer (1997) found that the estimate of β, the neighborhood effect, is large when it is compared to the effect of parents' education (α).
Borjas (1992) explores equation (1) in more detail by focussing on ethnic groups. In his model, parents value their own consumption as well as the human capital of their offsprings.
However, the crucial equation is the one that relates the human capital obtained by a child belonging to ethnic group g, h ig,t+1 , to that of his/her parents, h p ig ,t (with p ig denoting the parent of child i belonging to ethnic group g), and the average human capital of his/her ethnic group, h g,t = 1 ng P j∈g h p j ,t , where n g is the size of the ethnic group. Formally,
Naturally, the variables "neighborhood" and "ethnicity" are highly correlated since minorities tend to live together. The main findings of Borjas (1992) are to show that using the General Social Surveys and the National Longitudinal Surveys of Youth, ethnic capital (as measured by h g,t , the average human capital level of the ethnic group in the parents' generation) plays a crucial role in intergenerational mobility, and slows down the convergence in the average skills of ethnic groups across generations.
Finally, Ioannides (2002 Ioannides ( , 2003 
where μ ν(i)j denotes the frequency of the value of h jt within the distribution of educational attainment of the population in neighborhood ν(i) at time t, and μ(.) is the entire distribution. The idea here is to study the impact of parental education and the distribution of educational attainment within a relevant neighborhood on child educational attainment.
From a theoretical viewpoint, Ioannides obtains a complete characterization of the properties of the intertemporal evolution of human capital. From an empirical viewpoint, he finds that there are strong neighboring effects in the transmission of human capital and that parents' education and neighbors' education have nonlinear effects that are consistent with the theory.
As we will see below, our model is different since we focus on the interaction between cultural transmission and neighboring effects and their impact on the intergenerational transmission of human capital. To be more precise, the key distinguishing features of our model are twofold: (i) the suggestion of both direct and indirect mechanisms through which neighborhoods might affect human capital accumulation; and (ii) the differences across households at different levels of education.
Theoretical model
In this section, we analyze the intergenerational transmission of education. The key question we would like to answer is how much parents are influenced by the local environment when deciding on their educational effort level. As in Verdier (2000, 2001) , the transmission of education is modeled as a mechanism interacting socialization inside the family (vertical socialization) with socialization outside the family (oblique socialization) via imitation and learning from individuals living in the same neighborhood.
There are two types of parents/workers: high-educated, i = h, and low-educated parents 7 (workers), i = l. 6 There is a continuum of each of them. The expected utility of a parent of type i = h, l is given by:
Utility from putting effort in educating children
Utility from children's educational achievement where z i is the quantity of a consumption good (taken as the numeraire) consumed by parents, λ i is the time spent on leisure, e i is the time (effort) they spend with their children trying to educate them, q is the proportion of high-educated individuals in the neighborhood, δ h = 1 and δ l = δ, with δ > 1, 0 < a < 1 is the degree of altruism that is common for both educated and uneducated parents, and w i is the per-hour wage (with w h > w l ). U(.) is assumed to be increasing in λ i and decreasing in effort e i and concave in both arguments.
This utility function EV i has three terms. The first one, z i , is the utility of consuming the composite good. The second term,
, is the utility that parents derived from putting effort in educating their child. U(λ i , e i ) captures the fact that the time spent with children and the time spent on leisure are not independent activities for parents. For that, we assume that the cross-derivative of λ i and e i is positive, i.e.
The utility cost of effort, δ i Ψ(e i , q), is increasing and convex in e i , and decreasing in q.
The latter is due to the fact that the higher is the proportion of high-educated families in the neighborhood, the lower is the cost of putting in effort because of peer effects (positive externalities, peer pressure, etc.). For example, if a low-educated parent wants to help his/her child do his/her homework in mathematics, it will be easier if his/her neighbors are highly educated because they can either help him/her or pressure him/her to do so.
Furthermore, for a given q, this cost δ i Ψ(e i , q) is assumed to be higher for low-educated than 6 We could generalize the model in order to have a continuous education variable. for high-educated parents. Indeed, it is quite natural to assume that it is less costly for a high-educated parent to put effort into education than for a low-educated parent because of knowledge due to the initial education. For example, it is certainly less costly for an engineer to teach mathematics to his/her child than for a parent from the working class who did not get any education. The same will apply for a parent who, for example, is an English teacher and who wants to help his/her child with English as compared to a non-educated parent.
To capture this effect, we assume the total cost of providing effort to be equal to:
, where δ h = 1 and δ l = δ, with δ > 1. In other words, δ ≡ δ l /δ h expresses the relative cost of spending effort for low-educated parents. Observe that the multiplicative nature of the term δ i Ψ(e i , q) implies that parental education has a Hicks-neutral effect on the cost of teaching one's own children, which means that the trade-off between e i and q in the cost function is not impacted by the education of the parent.
, is the utility that parents derived from their child's educational achievement. It a function of a, their degree of altruism, e i , the effort their put in educating their child, q, the percentage of educated people in the neighborhood, and w i , the wage that their child will obtain when adult. 7 The budget constraint of a parent i = h, l can be written as follows:
where T denotes the amount of working hours. T is assumed to be the same and constant across workers, an assumption that agrees with most jobs in the vast majority of developed countries. 8 In (4), all income is assumed to be spent on own consumption and none on the child's education. This is just for simplicity since adding educated-related expenses in (4) will not change any of our results. It will just add to the notation. 7 In fact, if time was introduced in this model, we should have written:
¢ since parent i puts effort today at time t (so that we have e i,t ) but the achievement of their child occurs at time t + 1 (so that we have w h,t+1 and w l,t+1 , and thus h i,t+1 ). Because we basically use a static model (there is no discount rate), we assume that all events appear simultaneously. 8 We could have assumed that more highly educated parents work more hours than less educated parents.
This would not affect any of our results.
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Each parent provides a fixed amount of labor time T and spends some time on leisure and with his/her children. Thus, the time constraint of a parent i = h, l can be written as:
where the total amount of time is normalized to 1 without loss of generality.
By plugging (4) and (5) into the utility function, we obtain the following expected utility for parents of type i = h, l:
Since both leisure λ i and parental educational effort e i determine utility U(.), the assumption that U(.) is increasing in λ i and decreasing in e i means, in particular, that educational effort has a disutility besides reducing leisure. This is a plausible albeit not necessary assumption.
A typical costly educational effort is the parent's fatigue and the possible conflict between the child and the parent when doing homework together.
Let us now explain how education transmission works. We denote by π ij the probability that a child of type−i parent (i ∈ {h, l}) obtains education j ∈ {h, l}. Since there is a continuum of agents, by the Law of Large Numbers, π ij also denotes the fraction of children having a type−i parent and reaching an education level j. As in Verdier (2000, 2001 ), we assume that for both the educated and the non-educated parent, education will be successful with a probability equal to the education effort e i . 9 This is the vertical transmission of education (i.e. from the parent to the child). If transmission is thus not successful, then the horizontal transmission (i.e. from people of the neighborhood to the child) will play a major role and, in that case, the child will adopt the average education of his/her neighborhood.
Therefore, it is at this second stage, after the parents' unsuccessful transmission of education, that children are influenced by the people living in his/her neighborhood. We obtain the following transition probabilities: 9 We could have assumed a more general function so that education would be successful with a probability which a function of education effort e i . We would have to impose some conditions on this function but no analytical solution would be obtained in that case.
Let us interpret equation (7). The child of a highly educated parent will also be highly educated if either his/her parents' education transmission is successful (probability e h ) or the parent fails to transmit his/her trait (probability 1 − e h ) and the child picks up the education trait from his/neighborhood (probability q). Equation (8) gives the probability that a child of educated parents is not educated: it is because both the parents and the neighborhood were unsuccessful in educating the child. For low-educated parents (equations (9) and (10)), we have a similar interpretation.
We are now able to write explicitly W ¡ a, e i , q, w h , w l ¢ , the utility that parents derived from their child's educational achievement. We assume that all parents (educated or not)
are altruist and thus do care about the future job situation of their children. We denote by
, the future utility of a child j whose parent is of type i. Note that this utility is evaluated by the parents and thus takes their point of view (this is referred to as imperfect empathy by Verdier, 2000, 2001) . The simplest interpretation of these utilities is in terms of the child's future income, given that w h > w l . In other words, all parents (educated or not) will be better off if their children achieve high education and thus make more money. For simplicity and without loss of generality, we have:
As a result, using (7)−(10), the (expected) utility that educated parents derived from their child's educational achievement is equal to:
while that of low-educated parents is:
Let us now focus on the parents' choice of effort e i ∈ [0, 1 − T ]. The expected utility of educated and non-educated parents is, respectively, given by:
q).
Let us now determine e i , the effort choice of parents i = h, l. If we use the following notations
∂Ψ(e i ,q) ∂e i , the first-order conditions for educated and uneducated parents are given by (we only focus on interior solutions):
where δ h = 1 and δ l = δ, with δ > 1. The solution of (11) is denoted by e i * , which is equal to e h * (q) and e l * (q, δ) for high-and low-educated parents, respectively. Let us denote by:
∂e i ∂e i , and
. By totally differentiating (11), we obtain:
We have the following proposition: 10 The altruistic model was made famous by Becker (1974 Becker ( , 1991 . For a literature survey on these types of models, see Laferrere and Wolff (2004). 11 For each parent i = h, l, the second-order condition is given by:
Since we have assumed that U λ i λ i < 0, U e i e i < 0, U λ i e i ≥ 0, and Ψ e i e i > 0, the second-order condition is always satisfied.
Proposition 1
(i) High-educated parents spend more time (i.e. exert more effort) educating their offspring than low-educated parents, and this difference increases by δ, the relative cost difference in providing effort.
(ii) If Ψ e i q > 0, then for both educated and uneducated parents, the higher is the proportion of high-educated families in the area, the lower is the effort parents put into educating their children, that is:
This is referred to as cultural substitution.
Then, for both educated and uneducated parents, the higher is the proportion of high-educated people in the area, the higher is the effort parents put into educating their children, that is:
This is referred to as cultural complementarity.
The first-order condition (11) shows that the choice of e * involves a trade off between the short-run costs of spending time with children (both in terms of forgone leisure and direct cost Ψ i (e i )) and its long-run expected benefits, which consist of a better chance of having an educated child. The sign of
clearly depends on
. Indeed, if this cross-derivative is negative (positive), meaning that the higher is q, the lower (higher) is the marginal expected utility of effort, then cultural substitution (complementarity) prevails. More precisely, when Ψ e i q > 0, i.e. the higher is effort e, the higher is the marginal cost of effort, then the short-run costs are higher, and therefore the parents put in less effort, the higher is the level of education in the neighborhood (cultural substitution). In contrast, when Ψ e i q < 0 and
i , parents put in more effort, the higher is the level of education in the neighborhood (cultural complementarity).
We can now calculate the expected school achievement of each individual by focusing on the different transition probabilities.
Proposition 2
(i) For educated parents whose effort is e h * (q) and given by (11) , the probability that their child will be educated is:
while the probability that their child will not be educated is:
(ii) For low-educated parents whose effort is e l * (q) and given by (11) , the probabilities that their child will be educated and non-educated are respectively given by:
(iii) For both parents (educated or not), if there is cultural complementarity, a better-quality neighborhood increases the probability of being educated and decreases the probability of 
Results (i) and (ii) just express the transition probabilities (7)- (10) in terms of optimal parents' effort. The interesting result is (iii) since it shows the impact of both the quality of the neighborhood and parents' involvement in children's educational attainment. Since the education process is in two stages (first the parents' involvement e i and then the neighborhood's quality q) and since both stages are influenced by q, there are two effects: an indirect one, where e i hinges on q, and a direct one, because if e i fails, then only q affects children's educational attainment. So, when there is cultural complementarity, these two effects reinforce each other since a higher q implies larger indirect (the higher the quality of the neighborhood, the higher the parents' effort) and direct effects. If, in contrast, there is cultural substitution, then a better quality neighborhood reduces the chances of being educated by parents (since parents spend less time with their kids) but increases the chances of being educated by "peers" (since q is higher, the chances of meeting a high-educated peer are higher). The net effect is thus ambiguous.
Finally, we have the following result, which is a consequence of the two above propositions:
Proposition 3 For low-educated parents, (i) the higher is the cost of education δ, the lower is the educational effort e l * , i.e.
∂e l * ∂δ < 0;
(ii) the higher is the cost of education δ, the higher is the probability of the child being uneducated and the lower is the probability of being educated, i.e. (iii) When δ is sufficiently high, the effort e l * provided by uneducated parents is negligible and thus, the quality of the neighborhood q has no impact on e l * . In that case, the probability of being educated or not only depends on the quality of the neighborhood, that is π ll = 1 − q and π lh = q.
This last proposition focuses on low-educated parents. If educational effort is too costly, then obviously only the environment where children live (i.e. peers and role models) will affect children's educational attainment.
To summarize, the key feature of this model is that both socialization inside the family (the role of parents) and socialization outside the family (the role of peers living in the same neighborhood) play an important role in the educational process of children. This means that there are differential effects on the child's education because of parental education and the interactions of neighborhood quality and parental investment. Depending on the assumptions on the cost function, there is either cultural substitution (i.e. better neighborhood quality leads to more parental investment) or cultural complementarity (i.e. better neighborhood quality leads to less parental investment). If we focus on the extreme cases, then if children live in a "good" environment with educated parents who take care of them, the chances of obtaining a high education level is very high. If, in contrast, they live in a rundown area with low-quality schools and negative peer pressures and if, on top of that, their parents are not educated and do not spend time with them, then the probability of being educated is quite low for these children. Census information is taken from the Small Area Statistics (SAS) datasets. In particular, data on education, economic activity and occupation of each residential community area are only available for the 10% sample survey. This implies extremely small sample sizes per area if the most basic census spatial unit, i.e. enumeration district (with an average of 300-400 residents), is used as a neighborhood measure. Therefore, we are forced to choose the next available level of spatial disaggregation: we use ward level data, providing 17,500 areas in the UK in 1971 with an average of 3,000-4,000 residents. A Census ward roughly contains ten enumeration districts and thus, it is quite small: it is equivalent to a Census tract in the US (which on average contains 4,000 inhabitants).
Our empirical analysis matches information on individuals' educational attainment at the age of 33 from the NCDS fifth sweep with the information on parental characteristics, quality of the school attended at age 16, ability in the childhood from earlier NCDS sweeps and residential neighborhood information from the 1971 Census (when the individuals are 13 years old).
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Definition of variables
The key variables in the theoretical model are parents' effort in their children's education (e i ), transition probabilities (π ij ) and neighborhood human capital (q).
Let us first discuss our empirical proxy for parental interest in the child's education.
The ideal variable for measuring parents' effort would have been the number of hours spent investing in children's education (reading to the child, meeting teachers, etc...). Unfortunately, this variable is not directly available in the NCDS. However, the NCDS provides rich qualitative information on parental interest in the child's education at different ages of the child. In particular, in the NCDS sweep one (parental questionnaire), it is asked: "Does the mother/father read to, or read with, the child?", and the possible answers suggested are "Yes, at least every week; Yes occasionally; Never or hardly ever" and it is stated to put a circle around/encircle the appropriate definition (only one for each parent). 12 We rank the parents according to the highest frequency declared by each couple and code the responses using a dichotomous variable. Such a variable (labeled as "parents read to child") takes the value of one if the parents read to the child at least once every week and zero otherwise (i.e., if they read to the child only occasionally or never or hardly ever). 13 Observe that we provides information on the highest qualification obtained by the cohort members. We define 12 Non-response is not an issue here. Missing values are reported in less than 5% of the observations. A residual category "Don't know or inapplicable" occurs in less than 2% of the responses. We group these responses with the "low involvement" category. 13 A different coding of this variable allowing more than two levels that leads to the estimation of ordered probit models does not qualitatively change our results.
high-educated individuals as those with A-levels 14 or higher qualifications and the remaining ones as low-educated individuals. As a proxy for average neighborhood education quality in an area k at time t, i.e. q k,t , we use the percentage of individuals aged above 18 years holding a A-level or higher in a ward k from the Census 1971 data, i.e. when the child is 13 years old.
Finally, the parents' education is measured using completed years of schooling. This information is derived from the age at which the parents left school, which is reported in 1974 (NCDS sweep three). We define parents of type i = h if the mother and the father's average years of schooling exceed 12 years and parents of type i = l otherwise. So, for example, π hh n,t+1 is the probability that an adult n who is aged 33 in t + 1 = 1991 has at least an A-level degree given that his/her parents have (on average) more than 12 completed years of schooling.
To summarize, we evaluate parents' effort when the child is 7 (in 1965), the quality of the neighborhood and parents' level of education when the child is 13 (in 1971) and the child's educational attainment when he/she is 33 years old (in 1991). Applicants can see the full range of available properties and can bid for any home to which they are matched. The successful bidder is the one with the highest priority under the 14 The A-level (or the Advanced Level General Certificate of Education) is a qualification offered by most educational institutions in the UK that is widely recognised around the world. It is the standard entry qualification for assessing the suitability of applicants for academic courses in UK universities. Most students study for this qualification from the age of 16 to 18. scheme. As a result, social tenants in the UK are now given a greater choice in housing.
However, in the 1970s, the period in which our analysis is performed, the allocation of tenants to council houses was completely under the management of council officers seeking to match applicants to available vacancies giving a "reasonable preference" to certain categories of people in identified housing needs (Hills, 2007) . The requirement to give "reasonable preference" to certain applicants dates back at least to the 1936 Housing Act, but even in the 1957 Housing Act, there was little guidance on how to do so and there were no precisely The allocation procedure was essentially by date-order, with the flexibility to advance cases on the waiting list on basis of some social (or medical) reasons. An important "social reason"
was "local connection" (or "contribution to the community"): applicants had to live or work in the council area to obtain a new flat to rent (Greenhalgh and Moss, 2009) . In practice, this ruled out any scope for "gaming" the local council and moving to a Local Authority with a shorter waiting list (or better neighborhoods).
Roughly speaking, the allocation of council tenants to council houses was functioning as follows. Interested people applied to the Local Authority (LA) where they habitually resided.
The LA put them on a waiting list and considered their family characteristics (mainly how many children, their age, labor force status, special needs) to decide which type of flat to allocate them to (i.e. how large). Applicants could express a preference for where to be located but demand outstripped supply, and little consideration was given to preferences.
In particular, for areas such as London and other big cities, the number of applicants was far greater than the available space and no consideration at all was given to preferences: 15 The fact that there is a social mix in the council housing population in the UK in the 1970s gives our results some considerable external validity. the length of time on the waiting list was the most important screening criterion. When an applicant had worked his/her way up to the head of the queue by patience, he/she received the first available offer which was "that or nothing" (Regan and Patrick, 2001 ). Refusal to accept an offer of accommodation was associated with a severe penalty (for example, suspension from the waiting list for a long period of time) and never happened in practice.
Therefore, the neighborhood location of an allocated council home at the beginning of the 1970s was largely unrelated to the resources and preferences of the tenant, especially in big cities. In addition, rents in the social sector were considerably lower than in the private sector and the turnover was also very low. One of the reasons at the basis of the revision of the system, which started in the 1980s, was exactly the fact that the waiting lists were becoming excessively long. 16 Our discussion so far seems to point towards the fact that the information contained in our data set offers a setting where the influence of the social context can be evaluated. In the following section, we will provide some evidence in support of our identification strategy using our data.
Identification strategy
We focus on the families who live in council provided accommodations in 1974 (NCDS sweep three) in big cities. In our data, the "cities" are all those Census districts listed as 'C.B.'
(major cities and towns in England and Wales), 'L.B.' (London Boroughs), and 'Cities' in Scotland. Around 40% of the NCDS sample of families were resident in such districts in 1974 and living in council houses.
Our identifying assumption is that the allocation of council tenants to neighborhoods is unrelated to the tenants' own education or concern for their child's education. A test of the validity of this assumption is to regress parents' education on neighborhood educational status (with local authority dummies). We then investigate the relationship between 16 At the same time, the local authority housing stock has declined, mainly due to Right to Buy (RTB) programs introduced in the 1980s for registered social tenants, which were not accompanied by corresponding new public investments in building new houses. The new inflow of tenants thus became increasingly determined by strict need-based criteria, which each council was obliged to publish after the 1996 Housing Act.
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the parents' (mean) years of education and the ward-proportion of adults with A-levels and above for families living in houses in the private sector and the social sector (council tenants). shows that there is no correlation between the level of education of the parents and the average human capital of the neighborhood. The last two columns report the results which are obtained when using quality of schools ("school composition" as defined in Table A1) rather than the percentage of high-skilled population as a measure of neighborhood quality.
The evidence remains qualitatively unchanged.
[Insert T able 1 here] Table 2 displays the characteristics of the residential neighborhood, distinguishing between high-educated and low-educated parents. We find that the means are not statistically different between the two groups. Therefore, the assignment of council tenants across neighborhoods in big cities appears to be random with respect to parental education. The validity of such an assumption thus allows us to provide an evaluation of the reduced-form equation of our model.
[Insert T able 2 here]
Estimation results
Let us now test propositions 1, 2, that is the influence of the local environment (quality of the peers) on the parents' decision of spending time with their children and the impact of both parents' investment and local environment quality on the ultimate education attainment of the children. Our final sample consists of 2,598 children (and 4,960 parents) from families living in council houses in UK cities in the 1970s. Table A1 in the Appendix (and Table 2 above) contains the description of the variables available for this sample and the corresponding summary statistics, for high-educated and low-educated parents separately.
The table does not show any marked differences between the two groups.
Let us begin by considering Proposition 1.
We model the underlying parents' propensity in investing in their children's education (e i ) as a linear function of parental, child, household and neighborhood characteristics. A probit specification is employed where the dependent variable is equal to one if the parents spend substantial time on their child's education and zero otherwise. From Proposition 1, the following model is considered:
where e i n,k,t is the time spent by the parents of child n of type i = h, l who resides in area k = 1, ..., K at time t on educating the child; q k,t is the average quality in terms of education of area k at time t; x m,t (for m = 1, ..., M) is a set of M control variables at the parental, child, household and area level at time t, accounting for differences in socio-economic characteristics between parents, children, families and areas (listed in Tables 2 and A1 ); ε n,t is a white noise error term. A test of this equation will allow us to evaluate the prediction of the theoretical model. First, for high-educated parents (i = h), an α significantly different from zero will indicate either cultural substitution (if negative) or cultural complementarity (if positive).
Moreover, even if this coefficient is not statistically significant, it will provide information on the form of the trade-off between neighborhood composition and parental investment in education. Table 3 reports the marginal effects (at the sample means) and standard errors (in parentheses) of our measure of neighborhood quality (i.e. percentage of high-skilled population) based on an OLS estimation of model (13), when using an increasing set of controls. 17 
[Insert T able 3 here]
The estimated neighborhood quality influence decreases by more than one third (for both types of parents) when including family background variables (specification 2), but it remains statistically significant and sizeable even when purging our estimates from the role of the school chosen by the parents (specifications 3 and 4). When the most extensive set of our controls is included (specification 4), for both types of parents, we find a positive and statistically significant effect of neighborhood quality on parental effort in the child's education. This suggests cultural complementarity in parents' behavior since the better the quality of the neighborhood, the more they invest in their child's education. Regarding the magnitude of the effect, for high-educated parents, a marginal increase (a 1 percent increase) in the average level of education of the neighborhood increases the probability that the parents devote more effort to their children's education by roughly 0.05. For loweducated parents, the estimated effect is still positive and significant but largely reduced in magnitude (about 0.02). In conformity with Propositions 1 and 3, this may be due to the fact that δ, the cost of exerting effort for low-educated parents, is relatively high. A t−test on the contrast between the estimated coefficients for high and low-educated parents always rejects the null hypothesis of equal effects (the t statistics range between 4.08 and 4.65 in the various specifications). This provides a formal test of differences in neighborhood effects on parents with different levels of education.
Focusing our attention on the test of Proposition 2, we model the likelihood of a successful or unsuccessful intergenerational transmission of education (transition probabilities) as follows:
where π ij n,t+1 is the probability that an adult n at time t + 1 (who was a child n at t) whose parents are of type i = h, l attains the level of education j = h, l; q k,t is the quality of the neighborhood k when the adult was a child at time t; e i n,k,t is parental involvement when the adult was a child at time t; and η n,t+1 is a white noise error term. The control variables included in the set x m,t (for m = 1, ..., M) are allowed to have a different impact on π ij n,t+1 than they had on e i n,k,t . This is of particular interest for our target variable q k,t , which has been separated from the set of control variables for ease of clarity.
The probabilities π ij t+1 are analyzed using probit models, each of them having the dependent variable equal to one if the (observed) implied child's educational attainment is achieved 23 and zero otherwise. A successful test of Proposition 2 would imply that for children of higheducated parents, the effect of both q k,t and e i k,t must be significant, whereas for children of low-educated parents, both effects are expected to be significant only if δ is sufficiently low, otherwise only the impact of q k,t should be of importance. Indeed, as δ increases, not only should the effort for low-educated parents decline but, by comparing (7) and (10), the effect of similar neighborhood composition q should be higher for low-educated households.
Finally, if there is cultural complementarity, one would expect both the impacts of q k,t and e i n,k,t to be positive for π hh and π lh (and negative for π hl and π ll ) while, with cultural substitution, their signs would be undetermined.
The estimation results of equation (14) show that the impact of the interaction term (the estimate of ρ in model (14)) is never significant in any model specification (i.e., with different sets of controls) 18 and the effects of the other variables are almost unchanged (only slightly higher in absolute value) after its exclusion. This indicates that the impact of parental interest on children's education attainment does not vary with the average human capital of the neighborhood. 19 Thus, we focus on the results in Table 4 , which exclude the interaction term from the regressors.
20
Tables 4 reports the marginal effects (at the sample means) and standard errors (in parentheses) of parental effort in the child's education and residential community human 18 The results with the interaction term are not reported here for brevity but are available upon request. 19 The fact that ρ is not significant has no implication on cultural substituability or cultural complementarity. Indeed, cultural substitution is defined as (see Proposition 1):
and cultural substitution is:
while ρ = ∂π ij * ∂e i * ∂q 20 We have also estimated a version of the model including interactions between our school-level variables and both parental effort and neighborhood quality. We find non-statistically significant effects for all interaction terms included in the model. This evidence suggests that the impact of parental inputs and neighborhood quality do not vary significantly with school quality.
capital when using an increasing set of controls. 21, 22 The dependent variables are the transition probability π ij described in Proposition 2. Clearly, conditionally on parental education, the probabilities that a child achieves an A-level degree (or above) and that she/he does not, sum to one. Thus, we only report the results for π hh and π lh (π hl = 1−π hh and π ll = 1−π lh ),
focussing the analysis on the successful transmission of education.
[Insert T able 4 here]
We start with a specification (specification 1), which only includes the quality of the neighborhood, our selection of neighborhood characteristics and local authority dummies. It appears that the neighborhood education level is an important factor for a successful transmission of education and its importance appears to be different between high-educated and low-educated parents. Moving to specification 2, we include our other variable of theoretical interest, i.e. "parents read to child". Such an inclusion largely reduces the estimated coefficient on the neighborhood quality variable, in particular for high-educated parents.
This evidence indicates that a sizeable portion of the effect of the neighborhood quality acts through parental effort and therefore supports our theoretical mechanism. We then look at the impacts of neighborhood quality and parental effort, conditional on the characteristics of the children's parents and family (specification 3). They are only slightly reduced in magnitude and remains statistically significant even when we control for the child's ability (specification 4). Finally, we investigate whether neighborhood quality effects operate purely through the quality of local schooling. Thus, we first use the proportion of boys or girls studying for GCE O-levels as an indicator of school quality (specification 5) and then add dummy variables for school type categories (specification 6) to rule out the possibility that the neighborhood effect is merely picking up residual unobserved characteristics of local secondary schooling. We find that the estimated effect of neighborhood quality remains 21 Note that among the individual-level variables, we include both arithmetic and reading test scores when the child is 7, aiming at controlling for the child's ability. Moreover, among the area-level controls, we include total area population to control for agglomeration effects. Indeed, any intergeneration link may be affected by different degrees of individuals' social networks and physical proximity. 22 Also in this case, the use of cross-equation restrictions is always rejected by our data. Therefore, also model (14) is estimated separately for children of high-educated and low-educated parents.
25 statistically significant and positive. This finding of the importance of neighborhood factors over and above secondary schooling is in line with Garner and Raudenbush (1991).
Let us discuss our results in more detail, looking at the specification that includes the most extensive set of controls (specification 6). It appears that parental investment and neighborhood quality both contribute positively to children's education attainment, but the effect of parental investment seems to be more potent for children of high-educated parents while neighborhood quality shows a more important role for children of low-educated parents.
A high level of parental effort raises the average probability of having a high-educated child by about 0.11 for high-educated parents whereas, for low-educated parental, this effect is roughly equal to 0.02. On the other hand, a one percentage point increase in the proportion of neighbors with A-level or above raises the average probability of a successful transmission of education by roughly 0.07 and 0.13 for high-educated and low-educated parents, respectively.
Returning to the model, it can be conjectured that this evidence is due to a high δ, that is low-educated parents have a higher cost of effort than high-educated parents.
Our results, however, should be taken with caution. The "high-skilled population" and "parents read to child" variables are noisy measures of the underlying variables of interest,
namely "neighborhood quality" and "parental effort". The discrepancies between empirical and theoretical variables might be different for different parental types. Our evidence should thus be taken as only suggestive that the effects of neighborhood quality and parental investment in the intergenerational transmission of education might differ for children whose parents are high-skilled or low-skilled. Besides, our analysis shows that parental effort in children's education is an important channel mediating neighborhood effects. Tables 5 and 6 Neighborhood effects are clearly larger. In particular, compare to Tables 4 and 6 , it appears that the neighborhood effect is more than twice as large for low-educated parents, and almost three times larger for high-educated parents.
Robustness Checks
In panel (b), we collect our main results, which are obtained when the analysis is performed considering adopted children (of council tenants) only. This exercise addresses concerns related to the possible presence of (unobserved) inherited characteristics that affect a child's educational attainment. If cognitive ability is a heritable trait, it may be argued that the better schooling performance of children of high-educated (high-ability) parents may be the result of the transmission of genes for high ability rather than of parental investment. Tables 5 and 6 show that our results remain (qualitatively) unchanged, suggesting this not to be the whole story. Let us now turn our attention to investigating whether our results are robust to alternative definitions of our target variables. Our analysis has already shown that our results are not excessively sensitive to the inclusion of an extensive list of controls.
Let us now check if our evidence is specific to the definition of parental effort used. Panel (c)
contains our results when using an alternative proxy for parental interest. Specifically, we use the children's teachers and the headmasters' perception of parental involvement when the child has just started school (based on parents' telephone calls asking for information about courses and textbooks, frequency of parental visits to the school, meetings with teachers, etc...). Indeed, the school questionnaire of the NCDS sweep one (child's age 7 in 1965) contains the following question: "With regard to the child's educational progress, does the mother/father appear: over concerned about the child's progress and/or expecting too high a standard? Very interested? To show some interest? To show little or no interest?", and it is stated to put a circle around/encircle the appropriate definition (only one for each parent). 23 We rank the parents according to the highest level of involvement reported for each couple.
We use a dichotomous variable taking the value of one if the parents appear over concerned or very interest in their child's education and zero otherwise (i.e., if they only show some or little or no interest). 24 We find that the correlation between our two alternative proxies of 23 Observe that both measures of parental interest (from the parent and from the school principals) are self reported. Parents' education may influence how they report on their reading habits, conditional on their actual reading habits. Similarly, the norms of the neighborhood and the school could influence how principals report on parental involvement. Because we have school dummies and control for the percentage of educated families in the neighborhood, we believe that these issues should not be too important. 24 Consistently with the strategy adopted for our alternative indicator of parental interest, we group the parental effort in a child's education is quite high (equal to 0.71) and that our main results remain roughly unchanged (Tables 5 and 6 , panel (c)).
Finally, we test whether our results are robust to an alternative definition of parental education. Let us then define parental education using the maximum number of years of schooling of the two parents rather than using the average. 25 Looking at the corresponding results in Tables 5 and 6 (panel (d)), it can be seen that they do not change to any considerable extent.
[Insert T ables 5 and 6 here]
Conclusion
This paper has proposed a microeconomic mechanism of neighborhood effects on educational attainment based on parents' involvement in education. The theoretical model provides potential interactions between residential community environment and parental investment in a child's education. The residential neighborhood average human capital has both a direct and an indirect effect on children's educational attainment as it affects parents' effort in their children's education which, in turn, plays an important role in determining the child's educational achievement. These potential interactions depend on the parents' educational level. Using an identification strategy based on council housing in big cities in Britain, our empirical evidence supports these predictions. In particular, the effect of parental investment on children's educational attainment seems to be more potent for high-educated parents while neighborhood quality shows a more important role for the education attainment of children of low-educated parents.
Our analysis may offer interesting policy implications. Our analysis may indicate that "Can't say or inapplicable" responses (which also in this case occur in less than 2% of the cases) with the "low involvement" category. 25 The choice of a different cutoff point in terms of years of schooling to distinguish high-educated and low-educated parents is, in principle, more problematic because consistency with the aggregation used for cohort members' education implies that high-educated individuals are those that left school at an age above 18, i.e. with more than 12 years of schooling (and low-skilled otherwise). If we believe that the "reads to child" variable is a good proxy for "quality time" with children, then we could put forward a policy that directly acts on the education of poor parents or help them spend better time with their offspring. This type of discussions is at the heart of today's socio-economic debate in England. Here, individual responsibility and programmes targeting individuals are located exactly at the opposite extreme "policy-option" distribution relative to interventions that target neighborhoods and other "aggregated" areas (like the enterprise zone or the MTO programs).
Finally, we found that cultural complementarity prevails. This implies that neighborhoods and parental investment are not substitutes, so we would not expect improvements in neighborhoods to be offset by reductions in parental effort. As a result, a mix of regeneration and social mixing policies (which act on the neighborhood) and individual policies acting directly on the educational effort of poor parents could be promoted to improve the situation of kids coming from low-educated families. Notes: Means and standard deviations (in parentheses) are reported. T-tests for differences between means have been reported. None of the differences is statistical significant at any traditional statistical level. Notes: Means and standard deviations (in parentheses) are reported. T-tests for differences between means have been reported. Variables marked with *, **, *** show test statistics significant at the 10, 5, 1 percent level respectively.
